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[571 ABSTRACT 

The present invention provides an internal antenna for 
mobile terminals that provides performance comparable 
with externally mounted antennas. The antenna is of a 
looped dipole configuration wherein the resonating elements 
of the antenna are integrated within or located on an inside 
or outside surface of the tenninal's housing. The looped- 
shaped resonating elements may be placed around other 
components of the phone w&bout significantly infringing on 
precious, physical ^aoe. For example, the loop elements 
may be placed around the keypad, around the display, 
around any portion or outline of the housing, and in a flip 
portion hingeably engaging a main section of the housing. 
Preferably, the antenna is a two-sided, half-wave antenna 
having two rectangular-shaped loop dipole elements. 

29 Claims, 8 Drawing Sheets 
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DIPOLE ANTENNA CONnCURATION FOR 
MOBILE TERMINAL 

BACKGROUND OF THE INVENTION 

The present inventioD relates to mobile terminals for use 
in analog and digital-based cellular c»nununication systems, 
and, in particular, to an improved antenna configuration 
therefore. For clarity, the specification assumes that such 
mobile termioals include wireless communication devices. 



attached to an inner surface of the housing, or attached to an 
outer surface of the housing. 

Furthermore, additional conductive elements may be 
placed along the bousing to provide tuning traces as well as 
an additional dipole antenna configured for operation at a 
different frequency than the first antenna. Hie terminal may 
be a single-body housing or a flip-type housing wherein one 
of the antenna loop elements is placed in the flip ponion and 
the other element is placed in the main body of the housing. 



such as personal communication assistants, pagers, headsets, These and other a^cts of the present invention will become 



15 



20 



wireless modems, analog and digital cellular telephones, and 
the like, which are configured to operate in a wireless 
communication system where mobile terminals communi- 
cate via terrestrial and satellite base stations to any number 
of telephony systems. 

Mobile terminals, and especially mobile telephones and 
headsets, are becoming increasingly smaller. These termi- 
nals require a radiating element or antenna for radio com- 
munications. ConvenuonaUy, antennas for such terminals 
are attached to and extend outwardly from the terminal's 
housing. These antennas arc typically retractably mounted to 
the housing so that the antenna is not extending from the 
housing when the terminal is not in use. With the ever 
decreasing size of these terminals, the currently used exter- 
nal antennas become more obtmsive and unsightly, and most 
users find pulling the antenna out of the terminal housing for 
each operation undesirable. Furthermore, these external 
antennas are often subject to damage and breakage during 
manufacture, shipping and use. The external antennas also 
conflict with various mounting devices, recharging cradles, 
download mounts, and other cooperating accessories. 

Thus, it would be beneficial if the external, outwardly 
extendiDg ani«no« used for existing mobile terminals were pic. 7 is . fi»nt view of . bottom-tnoimted, flip-lype 

"^,l^:lrlrjr,:^T!l^lTI&^^^ --^ 'cM-o-c shown m » open configuraUon J^J. 

antenna element mounted along the front face of the tele- 



apparent to those skilled in the art after reading the following 
description of the preferred embodiments when considered 
with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block schematic of mcriiile terminal electmnics 
including optional terminal features. 

FIG. 2 is a front view of a telephone embodiment of a 
mobile terminal having an antenna constructed according to 
the present invention. 

FIG. 3 is a mobile terminal having two dipole antennas for 
dual-frequcDcy operation constructed according to the 
present invention. 

FIG. 4 is a mobile terminal having additional antenna 
elements associated with and/or connected to elements of 
the dipole antenna according to the present invention. 

FIG. 5 is a front view of a top-mounted, flip-type mobile 
telephone wherein the dipole antenna is mounted along the 
front face of the telephone housing. 

FIG. 6 is a back view of a top-mounted, flip-type mobile 
telephone wherein the dipole antenna is mounted along the 
back face of the telephone bousing. 



performance for both single and dual-mode operation. An 
internal antenna would require generally omni-directional 
performance without being affected by the temiinal's elec- 
tronics and analog and digital ground planes. 

SUMMARY OF THE INVENTION 



40 



The present invention provides an internal antenna for 
mobile terminals that provides performance comparable 
with externally mounted antennas. The antenna is of a 
looped dipole configuration wherein the resonating elements 45 
of the antenna are integrated within or l(x;aled on an inside 
or ouLside surface of the lerminal's housing. The looped- 
shaped resonating elements may be placed around other 
components of the phone without significantly infringing on 
precious, physical space. For example, the loop elements 50 
may be placed around the keypad, around the display, 
around any portion or outline of the housing, and in a flip 
portion bingeably connected to a main section of the hous- 
ing. Preferably, the antenna is a two-sided, half-wave 
antenna having two rectangular-shaped loop dipole ele- 5s 
ments. 

Accordingly, the present invention relates to a mobile 
terminal with a non-obtrusive antenna, including communi- 
cation electronics facilitating wireless communications, a 
housing enclosing the communication electronics, a dipole 60 
antenna having two resonating loop elements, and an 
antenna feed coupling the loop elements to the communi- 
cation electronics. Each of the resonating loop elements is 
integral with and attached at substantially all points to a 

portion of the housing wherein the antenna does not sub- 6S figures. It should be understood that the illusU-alions are for 
stanlially extend outward from the housing. Preferably, the the purpose of describing preferred embodiments of the 
antenna is either embedded in the thickness of the housing, invention and are not intended to limit the invention thereto. 



phone bousing. 

FIG. 8 is a front view of a bottom-mounted, flip-type 
mobile telephone shown in a closed configuration with the 
antenna element mounted along the front face of the tele- 
phone housing. 

FIG. 9 is a back view of a bottom-mounted, flip-type 
mobile telephone shown in an open configuration with the 
antenna element mounted along the back face of the tele- 
phone housing. 

FIG. 10 is a cross-sectional view of a mobile terminal 
housing depicting the various mounting locations provided 
by the present invention. 

FIG. 11 is a perspective view of a mobile terminal housing 
wherein the loop elements of the dipole antenna conform 
about multiple sides of tbe terminal housing according to the 
present invention. 

FIG. 12 is a schematic diagram of a loop dipole antenna 
having an additional tuning loop according to the present 
invention. 

FIG. 13 is a schematic diagram of a loop dipole antenna 
having additional tuning loops according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the following description, like reference characters 
designate like or corresponding parts throughout the several 
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With reference to FIG. 1, a schematic overview of a 
mobile terminal 10 is shown having various optional com- 
ponents. Generally, the terminal 10 will include a control 
system 12 associated with one or more of the following: a 
display 14, keypads 16, 17, auxiliary 1/0 device 18, or 
printer 20. As noted, each of these components are optional, 
and various ones or combinations thereof are present in 
different applications of a mobile terminal. For example, a 
telephone configuration will generally include a display 14 
and one or more keypads 16. Auxiliary I/O 18, printing 
capability and any other desired features are optional. 

The control system 12 is further associated with the 
necessary radio communication electronics 22, which 
invariably include a receiver and transmitter (except in 
certain pager applications) for providing wireless commu- 
nications with other terminals or telephony systems directly 
or through base stations. In telephone embodiments, the 
radio communication electronics are associated with a 
microphone 24 for receiving audible voice signals and a 



Turning now to FIG. 4, conductive tuning elements 50 are 
strategically placed for tuning and multi-band operation. 
These additional elements SO may be electrically coupled to 
one or more points of one of the RF or ground loops 34, 36 
5 or may be electrically isolated therefrom. These tuning 
elements 50 may be used to compensate for the shape or 
location of the antenna loops or the effects of components of 
the mobile terminal on antenna performance. 
The integral dipole antenna of the present invention is 
JO particularly useful wixh flip-type mobile terminals. As 
shown in FIG. 5, a flip-type telephone embodiment includes 
a housing 42 with a main body 52 and a flip portion 54 
hingcably connected to the main body 52. The RF loop 34 
is provided on the main body 52 while the ground loop 36 
J 5 is provided on the flip portion 54. In the stowed position, 
where the main body 52 and flip portion 54 are folded 
against each other (not shown), the antenna acts as a 
quarter-wave loop with degraded performance. When the 
flip portion is open, the loop dipole antenna is active. FIG. 



speaker 26 to acoustically reproduce audible signals for the ^ shows an alternative embodiment of a flip-type telephone 



The radio communication electronics 22 are associated 
with one or more dipole antennas 30 having two loop- 
shaped, resonating antenna elements. The first antenna 
element, which is coupled to the radio frequency signal 
transmission path 38, is referenced as RF loop 34, and the 
element associated with ground path 40 is referred to as 
ground loop 36. Each loop element 34, 36 is electrically 
coupled to the respective transmission path 38 or ground 40 
via antenna feed 32. 

With reference now to FIG. 2, a telephone embodiment of 
a mobile terminal is shown with an integral dipole antenna 
depicted along the front face of housing 42. 'Yhe front face 
includes keypad 16 and display 14 wherein the RF loop 34 
surrounds the lower keypad 16, and the ground loop 36 
surrounds the upper keypad 17 and display 14. Preferably, 
the RF and ground loops 34, 36 are configured to provide a 
half-wave dipole antenna. The elements forming the RF and 
ground loops 34, 36 may be placed on an outside or inside 
surface of the housing 42 or integrally molded within the 40 
housing wall between the outside and inside housing sur- 
face. The loop configuration of the antenna elements 
enhances performance of the antenna near ground planes 
found in the printed circuil boards making up the terminal's 
electronics. 

In addition to placing the an term a loops on the front of a 
mobile terminal, virtually any surface of the mobile terminal 
may be used, including the back surface as shown in FIG. 3. 
Furthermore, an additional antenna having an RF loop 44 



30 



35 



45 



of FIG. 5 wherein the RF and ground loops 34, 36 forming 
the dipole antenna are located on the back of housing 42. 
The flip-type telephone shown in FIGS. 5 and 6 is typically 
referred to as top-mounted flip designs. 

FIGS. 7, 8 and 9 disclose a bottom-mounted flip-type 
telephone. Again, one antenna loop is placed on the main 
body 52 and the other loop is placed on the Hip portion 54 
of housing 42. Notably, either the RF or ground loop 34, 36 
may be placed on either one of the main body 52 or flip 
portion 54. As with the other embodiments, the RF and 
ground loops 34, 36 may be placed on the front (FIGS. 7 and 
8), on the back (FIG. 9), or along any other part of housing 
42. Again, when the flip portions 54 having one of the RF or 
ground loops 34, 36 are open, full half-wave dipole antenna 
performance is achieved. When the flip portion 54 is closed 
against the main body 52, degraded quarter-wave perfor- 
mance is provided. Notably, the performance of the quarter- 
wave antenna is sufficient to at least initiate 
communications, such as receiving basic control signals 
from area base stations. 

FIG. 10 depicts a cross section of a housing 42 and 
identifies the various places along which a conductive 
element of an antenna loop or tuning element may be placed. 
Any such element may be placed on an inside surface of the 
housing 42 (60), within the housing 42 (62), or on an outside 
surface (64) of housing 42. Regardle.ss of the placement 
along the housing, the traces may travel anywhere along 
housing 42 and about any components mounted thereto. 
Ftu-thermore, as shown in FIG. 11, any of the antenna 



and a ground loop 46 may be placed on the terminal housing so elements, including timing elements 50, may take on a 
42. The additional antenna may use the same or a different variety of shapes and follow a variety of contours, edges, or 
antenna feed 32. The RF and ground loops 44, 46 of the shapes provided by housing 42. The embodiment in FIG. 11 
additional antenna will preferably be sized accordingly to is exemplary of RF and ground loops 34, 36 following the 
provide a half-wave dipole antenna at an operating fre- elongated, rectangular housing depicted. Although the loop 
quency different from the operating frequency for which the 55 and tuning elements are shown as being linear in the drawing 
first antenna is configured. As such, any terminal can be figures, any of these elements may curve in any variety of 
configured for multi-band performance. Notably, any addi- ways in order to accommodate the shape of the housing, 
tional antennas and associated loop elements may be placed placement of components on the housing, and provide 
along any portion of the terminal housing 42 as long as the desired performance. 'Yhc antenna loops are preferably sub- 
basic dipole configuration is maintained. For example, the 60 stantially rectangular, but may take on any looped structure, 



antennas may be substantially concentrically aligned as 
shown in FIG. 3 or one antenna may be placed along one 
surface while the other antenna is placed on an adjacent or 
opposing surface. Furthermore, the loop elements of either 
antenna in a multi-band configuration may share portions of 65 
antenna elements or be configured completely exclusive to 
one another. 



including symmetrical and asymmetrical elliptical and cir- 
cular shapes. 

Additional loop elements 66 may be used to electrically 
couple the RF and ground loops 34, 36 to create a tuning 
loop, which may be used to tune the antenna to a desired 
frequency as well as provide reception characteristics suf- 
ficient to receive signals at multiple frequencies for multi- 
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band performance FIG. 12. The tuning loop element 66 may 8. The mobile terminal of claim 7 wherein said user 

be coupled to the ground and RF loops 34, 36 at various interface includes a keypad and wherein one of said loop 

points for additional tuning. Additional loop elements 66 elements extends around said keypad, 

may be provided as shown in FIG. 13 for further tuning and 9. The mobile terminal of claim 7 wherein said user 

impedance matching. s interface includes a display and wherein one of said loop 

Any of the conductive elements forming the antenna elements exlerids around said display, 

loops or any of the tuning elements can be photo etched. , ^^.^it'" *°°P 

plated or silk screened onto the terminal housing. 'lemente conforni to an outer surface of sarf 

Alternatively, such elements can be a conductive wire or jo , "^f'^ °^ ^^L"" S*'*^"/" ^°°P 

. J-.- elements conform lo an inner surface of said housme. 

trace that is molded or embossed withm or mto the housing. ^1 -n. V . , uyu^ni^. 

_ , , .J.I . u .1 12. The mobile tcnminal of claim 1 wherein said loop 

The loop elements and tuning elements may be symmetrical encapsulated within a wall forming a portion of 

or asymmetrical for vaned mmng effeas. Each of these housing 

Clements will include a sufficient dielectric layer to prevent 13 mobile terminal of claim 12 wherein said loop 

direct contact of any conductive clement. Furthermore, the 15 elements are molded into said housing. 

components, which any loop is associated with or surrounds, 14. The mobile terminal of claim 1 wherein said loop 

may include a dielectric that can be varied to further affect elements arc substantially symmetrical. 

tuning. For example, the dielectric of a keypad may be 15. The mobile terminal of claim 1 wherein said loop 

modified to affect tuning for an antenna loop proximate elements arc asymmetrical. 

thereto. 20 mobile terminal of claim 1 wherein an additional 

Tliose skiUed in the art will recognize variations on the f'^'^^'^f ^^^'^^^ is electrically coupled to at least one said 

themes disclosed herein. Such themes arc considered within loop elements to affect antenna tuning, 

the scope of the disclosure and the claims that follow. As 17.Thc mobUe tennmal of claim 16 whcrcm an additional 

such, variations obvious to those skilled in the art relating to ,5 'f*''""'* ^'*'°!P* electrically coupled between said loop 

integrating a looped dipole antenna in or to a terminal ^'^^^^^^^^ antenna t«D«»g-. ^ . , 

housing to provide highperforraance reception and Iransmis- , ^ ^^^'^^ ^enrniial of claim 16 wherein said loop 

sion in dose proximity to a ground plane is considered ^^^^"'^ substantially rectihnear and said additional 

within the scope of the presem invention. Certain modifi- ^^^-^^^^ P™^^^ * '°°P ^ff«=^'°S 

cations and improvements will occur to those skilled in the 30 '^IJ^' ... . , , . . , - . 

art upon reading the foregoing description. It should be 7?^ °f * ^}'^' comprising a 

understood that all such modifications and improvements '^^P^^*' *»*^\°S two resonating loop elements 

have been omitted for the sake of conciseness and «° f ~«Pl»°g "id loop elements of said 

readability, but arc properly within the scope of the follow- .^'P^^'e antenna to said communication electronics, 

ing claims. resonating loop elements bemg mlegral with said 

' . housing, wherein said first and second dipole antennas are 

We claim: configured to operate at different frequencies. 

1. A mobile radio communication device compnsmg: 20. The mobUc terminal of claim 19 wherein said first and 

a. communications electronics for engaging in wireless second dipole antennas are concentrically arranged, 
communications; 21- mobile terminal of claim 1 wherein said main 

b. a housing enclosing said communication electronics, body includes a keypad and a display and wherein one of 

said housing including a main body and a flip portion; °°P « ^""^"^ ^'^^^''^^ "^'^^^ ^f^Pad and one of 

said loop elements extends around said display. 

... . . ... 22. A mobile radio communication device comprising: 

c. a dipole antenna having two resonating loop elements , , , . . . f 
and an antenna feed coupling to said communication 45 ^- communications electronics for engagmg m wireless 
electronics, each said resonating loop element being communications; 

integral with and conforming to said main body. b. a housing enclosing said communication electronics 

2. The mobile terminal of claim 1 wherein said resonating and including a display; and 

loop elements are positioned adjacent one another and along c. a dipole antenna having two resonating loop elements 

said bousing in a dual-sided, looped dipole antenna configu- 50 and an antenna feed coupling to said communication 

ration. electronics, each of said resonating loop elements being 

3. 'llie mobile terminal of claim 2 wherein said housing integral with and conforming to said housing, one of 
includes a front surface and wherein both of said loop said resonating loop elements positioned around said 
elements are disposed along said front surface of said display. 

housing. 55 23. The mobile terminal of claim 22 wherein said housing 

4. The mobile terminal of claim 2 wherein said housing includes a main body and a flip portion pivotally connected 
includes a back surface and both of said loop elements are to said main body, wherein said flip portion is moveable 
disposed along said back surface of said housing. between a first position extending outward from said main 

5. The mobile terminal of claim 2 wherein one of said body and a second position against said main body, the other 
loop elements is disposed along a front surface of said 60 of said loop elements being integral with and conforming to 
housing and the other of said loop elements is disposed said flip portion such that a dual-sided, looped dipole 
along a back surface of said housing. antenna configuration is fonned when said flip portion is in 

6. The mobile terminal of claim 1 wherein said loop said first position. 

elements are substantially rectilinear. 24. The mobile terminal of claim 22 wherein said housing 

7. llie mobile terminal of claim 1 wherein said housing 65 includes a main body and a flip portion pivotally Connected 
includes a user interface and wherein one said loop element to said main body, both of said loop elements positioned 
encircles at least a portion of said user interface. within the main body. 
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25. The mobile terminal of claim 24 wherein the main 
body includes a keypad and wherein the other of said loop 
elements is positioned around said keypad. 

26. A mobile radio communication device comprising: 

a. communications electronics for engaging in wireless 
communications; 

b. a housing enclosing said communication electronics; 

c. a dipole antenna having two resonating loop elements 



pivotally connected to said main body, and wherein both of 
said resonating loop elements arc positioned within said 

main body. 

2S. The mobile terminal of claim 26 wherein said housing 
includes a main body and a flip portion pivotally connected 
to said main body, wherein said flip portion is moveable 
between a first position extending outward from said main 
body and a second position against said main body, the other 



of said loop elements being integral with and conforming to 

and'an antenna feed coupling to said "communication '° ^^^'^ ^ dual-sided, looped dipole 

electronics, each said resonating loop element being antenna configuration is formed when said flip portion is in 

integral with and conforming to said housing; and ^^.^ rJ P**^[|°°- . , ^ . • l - 

. ..r . . 29. The mobile lermmal of claim 26 wherem said housing 

d. wherem said housing includes a keypad and wherein includes a display and wherein the other one of said loop 

one of said loop elements extends around said keypad. j5 elements extends around said display. 
27. The mobile terminal of claim 26 wherein said housing 

includes a main body and a flip portion, said flip portion ***** 
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